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Abstract

Pharmacovigilance, the science of detecting, assessing, understanding, and preventing adverse
effects related to drug use, has evolved significantly with the integration of advanced digital
technologies. This review explores the transformative impact of technologies such as artificial
intelligence (AI), machine learning (ML), big data analytics, blockchain, robotics, and automation
in enhancing pharmacovigilance practices. Al and ML algorithms facilitate the efficient analysis
of extensive and complex datasets, improving signal detection and minimizing human error in
adverse drug event (ADE) identification. Big data analytics, including data mining and natural
language processing (NLP), allow for real-time surveillance by processing vast quantities of
structured and unstructured data, including social media posts and electronic health records
(EHRs). Blockchain technology offers secure, decentralized data management, promoting
transparency and integrity in pharmacovigilance databases. Robotics and automation streamline
labor-intensive processes such as case intake, evaluation, and reporting, thereby increasing
operational efficiency and scalability. Despite these advancements, challenges such as
underreporting, data quality issues, and the ethical implications of mining patient-generated
content persist. Regulatory compliance remains central, as global authorities continue to
emphasize stringent safety monitoring. The review also discusses the future landscape of
pharmacovigilance, highlighting the growing role of wearable technology, mobile health
applications, and cloud computing in real-time monitoring and data sharing. Overall, the
integration of emerging technologies is revolutionizing pharmacovigilance, offering robust,
efficient, and proactive solutions for ensuring drug safety in an increasingly data-driven healthcare

ecosystem.

Keywords: Pharmacovigilance, Artificial Intelligence, Machine Learning, Big Data, Automation,

Drug Safety Surveillance.
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1. Introduction

Pharmacovigilance is a discipline within pharmaceutical research that involves all scientific and
data collection activities associated with the detection, assessment, understanding, and prevention

of adverse events related to medications and medical devices.

Information technology (IT) has been acknowledged for its transformative impact on healthcare
and clinical medicine, enhancing the quality and efficiency of medical practice while reducing
costs. It is well-known that information technology has integrated into clinical safety practices,
leading to the establishment of global pharmacovigilance platforms for safety signal detection. The
revolutionary influence of information technology and the use of health IT have significantly

altered clinical research, medical practice, and the monitoring of drug safety.
Advantages:
Methodical, automated, and pragmatic approaches for evaluating extensive datasets

Enhanced exploitation of the extensive safety databases managed by the FDA, the World Health
Organization (WHO), and other entities.

Enhanced efficiency by concentrating pharmacovigilance activities on critical reporting

associations.

Beneficial impacts on public health through the expedited and precise identification of potential

safety concerns compared to conventional pharmacovigilance techniques.
Enhanced decision-making assistance for the pharmaceutical sector and regulatory bodies

Ability to elucidate the numerous intricate interrelated aspects (e.g., concurrent medications
and/or conditions) that may contribute to the occurrence of adverse events in a clinical

environment.

Value derived by identifying disproportionalities related to various pharmaceuticals or events that

would be challenging to discern through conventional methods. (1)
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Figure 1: Benefits of Pharmacovigilance

2. The Role of Technology in Modern Data Collection Services

In the contemporary, rapid environment, data is the new currency. These services facilitate the
acquisition of critical insights through market research and social media analytics, thereby
informing strategy and fostering growth for enterprises.

In what ways has technology altered the domain of data collection? The transition from
conventional methods to digital solutions has created several opportunities, transforming both data

collection and its quality and efficiency. Let us examine this intriguing evolution collaboratively!
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Evolution of Data Collection Methods

The evolution of data collection has been significant since its inception. Initially, it depended
significantly on manual techniques such as surveys and interviews, which were frequently labor-
intensive and susceptible to human error.

As civilization advanced, so too did the methodologies employed for information acquisition. The
implementation of sampling facilitated the acquisition of representative data without the necessity
of surveying entire populations.

The digital revolution represented a pivotal juncture. Online surveys have become ubiquitous,
enabling researchers to access broader audiences rapidly and cost-effectively. Currently,
sophisticated technologies like big data analytics and artificial intelligence are revolutionizing the
methods by which corporations gather and interpret data. Automated systems may now collect
extensive data in real-time from many sources, such as social media sites and IoT devices.

These improvements have not only augmented efficiency but also refined accuracy in obtaining

useful insights that inform decision-making across many industries.

The Impact of Technology on Data Collection Services

e Technology has transformed the methodologies businesses employ for data collection
services. The era of laborious surveys and manual data entry has passed.

Contemporary tools automate numerous operations, conserving time and resources.

o Data can now be collected in real-time using mobile devices and web platforms. This
immediacy enables organizations to make swifter judgments based on contemporary

facts rather than obsolete statistics.

e Advanced analytics software is also crucial. It allows firms to effectively analyze

extensive data sets, revealing significant insights that inform strategic planning.
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o Furthermore, technology enhances engagement with responders. Interactive forms
and intuitive interfaces increase participation rates, resulting in more comprehensive

datasets.

e As privacy concerns escalate, technological solutions increasingly emphasize secure
data management practices. Employing encryption safeguards sensitive information

while ensuring adherence to regulations.

o The integration of speed, efficiency, and security signifies a new epoch for data

collecting services.

Advantages of Using Technology in Data Collection

Technology has transformed data collection services in several manners. Initially, automation
optimizes the procedure. Tasks that once required hours can now be accomplished in minutes.
The precision of data is another notable benefit. Contemporary instruments diminish human error
and guarantee more dependable outcomes. This results in enhanced decision-making grounded in
accurate facts.

The collection of real-time data improves responsiveness. Enterprises can swiftly adjust to
alterations, maintaining a competitive edge in trends and problems. Scalability is also of critical
importance. Regardless of size, whether a tiny startup or a major corporation, technology enables
organizations to scale their operations seamlessly while maintaining quality.

Cost-effectiveness must not be overlooked. By reducing manual labor and optimizing resources,

enterprises conserve time and financial resources while improving overall productivity.(2)
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3.Big Data in Pharmacovigilance

What Is Big Data?

The term "big data" denotes a substantial volume of varied, dynamic, and distributed
structured or unstructured data that presents both opportunities and challenges in its
interpretation due to its complexity, substance, and magnitude. Conventional
techniques frequently prove insufficient for managing big data due to its vast and
intricate nature. Eleven In addition to its extensive amount and diversity, additional

characteristics of big data encompass its swift rate of acquisition and dissemination.

What Is a “Signal”?

The Council for International Organizations of Medical Sciences (CIOMS) has provided a
definition for a drug safety surveillance signal. Four CIOMS was founded by the World Health
Organization (WHO) and the United Nations Educational, Scientific and Cultural Organization to
formulate recommendations for the global biomedical community regarding ethics, product

development, and pharmacovigilance.(3)

Adverse drug event

Any untoward medical occurrence in a patient or clinical investigation subject who has
been administered a pharmaceutical product, which does not necessarily have a causal
relationship with the treatment. Any unfavorable and unintended sign, symptom, or disease
temporally associated with the use of a medicinal product, whether or not related to that

product.

Adverse drug reaction
An adverse reaction to a harmful and unwanted substance that manifests at dosages typically
employed in humans for prevention, diagnosis, or treatment of illness, or for alteration of

physiological function.
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Algorithm
A mathematical formula consisting of a sequence of calculations embedded in software to

analyze a dataset with the objective of resolving a particular issue.

Artificial intelligence
The creation of devices and software capable of perceiving situations, evaluating the proper

actions to undertake when necessary, and learning from those actions.

Bias
A systematic error arising from several causes (e.g., erroneous assumptions, limited sample

size, etc.) that can misrepresent or skew study outcomes.

Big data
A substantial quantity of organized and unstructured data that is too big, intricate, and/or
diverse for examination by conventional processing techniques, nevertheless may possess
the potential for data mining to extract useful insights.

Co-occurrence-based method
A methodology predicated on the simultaneous occurrence or existence of two or more
events or conditions.

Confounding variable
An extraneous variable, alongside the variables under investigation, that may have affected

the study's results. Neglecting confounding variables undermines the validity of a study.

Data mining
A systematic procedure in which extensive datasets are examined or "mined" to uncover

significant patterns, relationships, or insights.

Machine learning
Algorithms that evaluate input data to learn and make judgments based on novel,

previously unobserved data, patterns, or occurrences.
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Natural language processing
The capability of a computer software to comprehend human speech as it is authentically
articulated. It is grounded in computer science, artificial intelligence, and computational
linguistics, typically aimed at enabling computers to proficiently evaluate extensive

amounts of natural language content.

Signal validation
The process of evaluating the data or documentation that validates a recognized signal.
This is performed to determine whether sufficient evidence exists to establish a potential

causal relationship, justifying further investigation of the signal.

Spontaneous report
A spontaneous report, typically directed to a regulatory agency or pharmaceutical business,
detailing an adverse drug reaction in a patient who has consumed one or more medications

outside of a clinical trial or structured program.

Structured data
Data that has been systematically arranged into structured fields, such as in a database or

spreadsheet, facilitating efficient processing or analysis.

Text mining
The utilization of statistical, linguistic, and machine learning techniques on textual sources
to extract meaning or insights.

Unstructured data
Data that has not been systematically arranged for storage in structured database fields.
Examples encompass text, photos, audio, and video.

Validated signal
A signal for which the validation procedure has provided adequate proof of a causal

relationship, therefore warranting further examination. (4)
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Social Media and Other Internet Resources

Social media has enabled an unprecedented public distribution of health information, including
health conditions, consequences, and individuals' experiences with drugs. Four Patients and
caregivers employ the Internet and participate in online interactions to obtain medical or
pharmacological information that supplements the guidance provided by their physicians or
pharmacists. Four Thus, social media platforms, including social networks, chat rooms, health
blogs, and patient community websites, provide a more patient-centered methodology for reporting
adverse medication events than spontaneous reporting systems or electronic health record
databases. Four Furthermore, each post on Facebook, Twitter, Snapchat, Instagram, or YouTube
produces significant diversity, volume, and velocity, resulting in enormous data from millions of
users that may reveal previously unidentified adverse drug events when analyzed through data

mining techniques. (5)

Social media platforms are regarded as possessing considerable potential for assessing the impact
of medications on public health; hence, their application in pharmacovigilance is being scrutinized.
Three research have successfully recognized mentions of medications or drug combinations on
Twitter and Instagram while exploring the potential of social media to reveal information about
adverse drug events (ADEs) and drug-drug interactions (DDIs). Six A study analyzed 5,329,720
Instagram posts from 6,927 users between 2010 and 2015, focusing on symptoms associated with
medications. (6) Four dictionaries, encompassing drug, pharmacology, and ADE terminologies,
were employed for data text mining. Co-occurrences of pharmaceuticals and potential adverse
drug events were identified for daily, weekly, and monthly intervals. Connections between the
terminologies and the probability of their simultaneous mention with the ADE were determined

using proximity graphs.(7)
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APPLICATIONS OF BIG DATA IN PHARMACOVIGILANCE

FDA Drug Safety Surveillance

Since the 1990s, regulatory authorities, the pharmaceutical sector, and drug safety academics have
examined the application of big data for pharmacovigilance. Thus far, a big data methodology for
drug safety surveillance has demonstrated cost-effectiveness, rapidity, and the ability to uncover

unexpected statistical correlations between drugs and adverse drug events (ADEs). (8)

Industry Drug Safety Surveillance
The pharmaceutical industry is encountering heightened expectations for accountability from the
FDA and European Medicines Agency due to a rising incidence of drug safety concerns and

product withdrawals. (9)

Regulatory Decision-Making

Numerous instances illustrate the significant impact of data mining in detecting medication-
adverse drug event signals that prompted regulatory actions by the FDA and other regulatory
bodies.(10) examples of signals detected or reinforced through the analysis of SRS reports include
the correlation of temafloxacin with hemolytic anemia, terfenadine and cisapride with ventricular

arrhythmias, and fenfluramine with cardiac valvulopathy. (11)

Challenges of Specific Data Sources

Big Data
Challenges

Figure 2: Big Data Challenges
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SRS Databases

Databases of SRS reports, like as FAERS, offer a significant resource for drug safety surveillance
initiatives.( 12) Nonetheless, SRS databases present intrinsic difficulties that restrict their utility,
including sample volatility and the underreporting of adverse drug events (ADEs). Underreporting
may result from unawareness of a possible drug—ADE link, insufficient knowledge of reporting

rules or procedures, or apprehension regarding legal repercussions. (13)

Electronic Health Records and Additional Observational Data

EHR databases may offer extensive information on pharmaceutical usage; nevertheless, there are
limitations about the interpretation of the signals produced while analyzing this data source. As
both constitute "observational data," electronic health records (EHRs) exhibit numerous
constraints akin to those of spontaneous reporting system (SRS) reports. All observational data

are subject to confounding control and bias concerns. (14)

Medical Literature

The extensive and ever-expanding volume of data in medical literature poses obstacles for drug
safety surveillance data mining. The unstructured form of data in medical literature complicates
the identification of drug—ADE connections, akin to other sources. (15)

Notwithstanding its promise, data mining social media and other Internet sources for drug—ADE
signals remains highly contentious. In addition to concerns about the possibility of extracting vast
amounts of information from these sources, there are apprehensions surrounding the quality,
dependability of the data, and ethical considerations. Fifteen The statistical hurdles observed in
mining social media for drug—ADE signals encompass a lack of specificity, verification issues,

low validity, and bias. (16)
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4. Artificial Learning & Machine Learning

What is artificial intelligence?

Artificial intelligence encompasses a vast domain that pertains to the application of technologies
for constructing machines and computers capable of emulating cognitive functions linked to
human intelligence, including the abilities to perceive, comprehend, and respond to verbal or

written language, analyze data, and generate recommendations, among others.

Artificial intelligence is sometimes perceived as an independent system; yet, it comprises a
collection of technologies integrated into a system to facilitate reasoning, learning, and action in

addressing difficult problems.

What is machine learning?

Machine learning is a branch of artificial intelligence that autonomously allows a machine or
system to acquire knowledge and enhance its performance via experience. Machine learning use
algorithms to evaluate extensive datasets, derive insights, and subsequently make informed
judgments, rather than relying on explicit programming.

Machine learning algorithms enhance their performance progressively as they are trained with
increasing amounts of data. Machine learning models represent the results of a program's learning
process derived by executing an algorithm on training data. The greater the volume of data utilized,

the more proficient the model will become.

How are AI and ML connected?

Although Al and ML are not identical, they are intricately linked. The most straightforward
method to comprehend the relationship between Al and ML is:

Artificial Intelligence encompasses the overarching idea of equipping a machine or system with

the ability to perceive, reason, act, or adapt in a manner like to humans.
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Machine Learning is an application of Artificial Intelligence that enables machines to
autonomously extract knowledge from data and learn from it.

A useful method to distinguish between machine learning and artificial intelligence is to
conceptualize them as umbrella concepts. Artificial intelligence is a comprehensive word
including a diverse array of specialized methodologies and algorithms. Machine learning is
encompassed within that category, along with other significant subfields, including deep learning,

robotics, expert systems, and natural language processing.

Differences between AI and ML

Artificial intelligence

Artificial intelligence enables a machine to emulate human cognition to address challenges.
o The objective is to create an intelligent system capable of executing intricate tasks.

o Wedevelop systems capable of addressing intricate problems akin to human abilities.

e Artificial Intelligence possesses a broad range of uses.

o Al employs technologies within a system to replicate human decision-making.

o Artificial Intelligence operates with many data types: structured, semi-structured, and

unstructured.

Artificial intelligence systems employ logic and decision trees to acquire knowledge, reason,

and self-correct.

Machine learning

e Machine learning enables a machine to independently acquire knowledge from historical data.

The objective is to develop machines capable of learning from data to enhance output

accuracy.

We instruct machines using data to execute designated tasks and provide precise outcomes.

Machine learning possesses a restricted range of applications.

PAGE NO: 267




COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 6 2025

Machine learning employs self-learning algorithms to generate prediction models.

Machine learning is limited to utilizing organized and semi-structured data.

Machine learning systems depend on statistical models for learning and can autonomously

adjust when presented with new data.

Artificial Intelligence

Machine Learning

Artificial intelligence (Al), where intelligence
is defined as the acquisition of knowledge
and the ability to apply knowledge.

fachine Learning (ML) means gaining skill or
knowledge.

The goal is not accuracy but to increase the
chance of business success.

The goal is to increase accuracy, but it does not
care about business success

This leads to the development of asystem
that mimics a human beingto behave in
situations.

Itinvolves designing self-learning algorithms.

The aim is to simulate natural intelligence to
solve toughissues

The aim is to learn from the data on the
specifictask to maximize the performance of
the machine.

Artificial Intelligence is a decision maker

iMLenablesthe systemtolearn new things
fromthe data.

Itworks as a smart working computer
program

Itis a simple concept machine that takes data
and learns from data.

Alfinds optimal solution

MLfinds only solution, whetherit is optimal or
not.

Figure 3: Difference between AL & ML

Benefits of using AI and ML together

e Artificial Intelligence and Machine Learning offer significant advantages to enterprises of
various types and sizes, with ever evolving opportunities. As data volume and complexity
increase, automated and intelligent systems are essential for enabling firms to automate

operations, extract value, and produce actionable insights for improved outcomes.
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Below are several business advantages of employing artificial intelligence and machine

learning:

Expanded data ranges

Evaluating and utilizing a broader spectrum of unstructured and organized data sources.

Expedited decision-making through enhanced data integrity, accelerated data

processing, and minimized human error for better informed and rapid conclusions.

Effectiveness

Enhancing operational efficiency and minimizing expenses.

Analytical integration

Enabling employees through the incorporation of predictive analytics and insights into

company reporting and apps.

Utilizations of Artificial Intelligence and Machine Learning

e Below are few prevalent applications of artificial intelligence and machine learning:
e Healthcare and life sciences

e  Production

e E-commerce and retail

e  Monetary services. Telecommunications (17)
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5. Blockchain Technology

Blockchain is a decentralized, immutable database that enables the recording of transactions and
the tracking of assets inside a business network. Any asset of worth can be monitored and
exchanged on the Blockchain network. A blockchain is a decentralized database that is
disseminated throughout a computer network. Blockchain electronically saves information in a

digital format to ensure transaction security.

Blockchain is an innovative technology recognized as Distributed Ledger Technology (DLT).

Drecentralized

graphically
scured

D:igi'ial tedger

Chronological

Distributed :
st and time stamped

Transparent
and
verifiable

Trustless operation
(based on consensus)

Immutable and
nonrepudiable

Figure 4: Characteristics of Blockchain
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What are the benefits of blockchain technology?

e Advanced security

e Improved efficiency

e Faster auditing

Role

Blockchain can assist in overcoming the obstacles in Pharmacovigilance (PV). Blockchain offers
a decentralized and uniformly distributed database among nodes, ensuring the security and

openness of data.

Blockchain enables several entities to process data through various nodes without a central
authority. This enables entities to observe real-time transactions and modifications without the

involvement of any third party.

Blockchain presents substantial opportunity to transform how pharmaceutical businesses access,
gather, distribute, share, utilize, monitor, and audit clinical trial data or medical/patient records. To
harness the advantages of Blockchain, pharmaceutical and drug companies must surmount
obstacles to adoption. Pharmacovigilance appears to be a definitive application for the technology

to promote uptake. (18)

6. AUTOMATION AND ROBOTICS

Automation is a process that use software, machinery, or other technologies to do activities in lieu

of human labor.

Automation is implemented for both virtual and physical tasks. This concept is applicable to
various straightforward operations, including a programmable thermostat. It can execute very
intricate operations, such as those in manufacturing, and is occasionally powered by artificial

intelligence or machine learning.
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Robotics is a discipline that integrates engineering and computer science to design and construct

robots for task execution.
Robots can be classified into three general categories:
Entities that depend exclusively on human input for operation

Semi-autonomous robots capable of executing certain tasks independently yet necessitating

occasional human involvement or oversight.

Autonomous robots possess the intelligence to execute tasks independently and can react to real-

world environments with minimal human oversight.

Industrial robots and machine software enable enterprises to achieve high-volume production.

(19)

USE CASES
Pharmacovigilance

Due to the substantial volume of adverse event data that organizations must regularly manage,
pharmacovigilance is a primary domain that could gain from robotic process automation.
Presently, organizations often handle case reports manually due to the variability in data quality,
structure, and format, which complicates integration. Robotic process automation may resolve this
issue by enabling organizations to handle a greater volume of cases while preserving the existing

cost structure. (20)

Moreover, robotic process automation can assist marketing authorization holders (MAHSs) in
conducting active searches of databases, including the EMA’s EudraVigilance database, which
monitors individual case study reports (ICSRs) of alleged medication adverse effects. A robotic
process automation bot can daily access the EudraVigilance database to download ICSRs,
subsequently analyzing them according to predefined criteria to determine if a case pertains to the

MAH's products and/or the active ingredients utilized in those products. (21)

PAGE NO: 272




COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 6 2025

CASE PROCESSING

Case processing operations represent a substantial fraction of internal pharmacovigilance (PV)
resource allocation, accounting for up to two-thirds according to PVNet benchmark data. 1 When
factoring in supplementary expenses associated with outsourcing, case processing expenditures,

on average, constitute the majority of a pharmaceutical company's total pharmacovigilance budget.

The automation of adverse event (AE) case processing by artificial intelligence (Al) gives a
potential to influence the primary cost driver in pharmacovigilance (PV). Over the past ten years,
there has been a growing utilization of Al techniques in biomedicine. Recent advancements in
utilizing AI methodologies on publicly accessible consumer data have generated opportunities for
evaluating the efficacy of Al strategies in automating PV operations. (21) The advent of electronic
health records has prompted an increasing volume of research into the application of machine-
learning techniques for the development of disease models, probabilistic clinical risk stratification
models, and practice-based therapeutic pathways.

At the highest level, AE case processing consists of four primary activities: intake, evaluation,
follow-up, and distribution. Each of the four primary activities is linked to numerous deliverables,

and each delivery has several decision points. (22)

7. What Is Regulatory Compliance?

Regulatory compliance is the adherence to laws, regulations, standards, and other directives
established by governmental and regulatory entities. Compliance with specific rules and
regulations is a crucial element of conducting business, as it is necessary for organizations to

sustain their activities. (23)
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8. Challenges of pharmacovigilance

Systematic analysis and interpretation of freely given data about various medicines, medical
conditions, and occurrences per report are fraught with significant inherent difficulties, particularly
in the absence of a research methodology, randomization, and a control group receiving a placebo.
Additional challenges encompass persistent under-reporting, sporadic instances of over-reporting
and misreporting motivated by publicity or litigation, incomplete and absent data, as well as

temporal discrepancies and variations in reporting and nomenclature/coding methodologies. (23)
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Figure 4: Challenges of Pharmacovigilance

The future of pharmacovigilance technology

The challenges in efficiently overseeing medication safety and adhering to regulatory requirements

strongly indicate that the extensive use of pharmacovigilance is imperative. Pharmacovigilance,
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as a transformative instrument, exhibits attributes that make it attractive to diverse stakeholders
within a politically and economically fragmented healthcare system facing significant issues

concerning cost, quality, and post-marketing clinical trials. (24)

Regulatory bodies such as the FDA and the European Medicines Agency (EMEA) are augmenting
safety regulations, hence elevating the adoption rates of pharmacovigilance systems among

biopharmaceutical firms. (25)

9. Conclusion

* Improvements in technology are significantly enhancing pharmacovigilance, which is crucial for
monitoring medication safety. Important developments are listed below, along with sources for

further research:

* To better identify safety indicators, artificial intelligence (AI) and machine learning (ML)
systems examine large datasets from clinical trials and empirical data. These techniques have

been shown to improve the accuracy of adverse event detection (Harpur et al., 2021).

* Analytics of Big Data: A comprehensive view of drug safety is made possible by the integration
of several data sources, including social media and electronic health records (EHRs). Risk

assessment and trend analysis are offered by big data approaches (Morris et al., 2020).

* Clinical notes and patient feedback are examples of unstructured data from which important
information can be extracted more easily thanks to natural language processing, or NLP

* Wearable technology: Health indicator tracking devices provide real-time information on drug

effects, enabling proactive safety monitoring and early adverse response detection (Chen et al.,

2021).

* By preserving data integrity and security, blockchain technology increases confidence in

pharmacovigilance databases and enhances the transparency of safety reporting (Azaria et al.,

2016).

* Cloud Computing: Cloud-based platforms improve stakeholder data exchange, which increases
cooperation and process efficiency in safety monitoring (Kumar et al., 2020).
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* Patient reporting mobile applications increase engagement and make it easier to collect adverse
event reports, producing more complete datasets for analysis (Patel et al., 2021).

Pharmacovigilance is being revolutionized by these technological advancements, which are

increasing its effectiveness and efficiency in ensuring patient safety.
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